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^ (57) Abstract: Multiple myeloma and other hematologic tumors and/or malignancies can be treated by administration of a Gl and/or 
g S phase drug, which is preferably p-lapachone, or a derivative or analog thereof, combined with a G2/M phase drug such as taxane 
derivative, which is advantageously paclitaxel. This combination of the Gl and/or S phase drug with the G2/M phase drug results 
^ in an unexpectedly greater than additive (i.e., synergistic) apoptosis in multiple myeloma cells. The invention includes methods of 
J^. treating multiple myeloma by administering the combination of the Gl and/or S phase drug and the G2/M phase drug, pharmaceutical 
^ compositions comprising the combination of drugs used in these methods, as well as pharmaceutical kits. 
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METHOD OF TREATING HEMATOLOGIC TUMORS AND CANCERS 
ttiipkproui" * M» the Invention 

Multiple myeloma ("MM") represents a malignant prolifemtion of plasma cells 
dcrivedftomasingleclone. T^^msmMple myeloma and myetom are used 
btectaog^lytorefermtl^ 

fta^ «ri Mum, susceptibility to infection, anemia, hypocalcemia, and c— lly 
oWng abnon—fes, neorologie symptoms and vaacuhn — » of hypemscosny. 
*. D Longo, in HaniWs Pnnclp.es of Infernal Medicine 14m Edition, p. 713 ^cGmw- 
Hill New York, 1998). Hurmrnmumple myeloma remains*, incwablehemntolog.e.1 

K eTal hrtroduction. .*O-*W*t0»«»- Noeffecuve long-fermrrertmen, 

— i-** Bisama.ign^diseaseofplasmaeens.nranifesmdas 
hypc*,o«inemia, anemia, renal dysfunction, bone lesions, and bnmunodetancy^MM ,s 
difficult to diagnose ear* beeanse them may be no sympfems in dre early stage. The dr*ase 
^^^^^^^"^^^^ 
is given. Systematic cbenrothempy la the main and me current medran of sunnval 
wi.bcKemonrc^yisacnmmmcye^bo^ecfewmcnSSUvelongcr^.Ov^ 

(£ee AndeisatuK-etal., Annual Meeting Report 1999- Recent Advances m the Biology and 

Treatment of Multiple Myeloma (1999)). 

While multiple myeloma is considered to be a drug-sensitive disease, almost all 
patients with MM who initially respond to chemotherapy eventually relapse (See Anderson, 
K etal.,AnnualMeetin g Re P ortl999, Recent Advance in the Biology and Treatment of 
Multiple Mye,oma(1999)). Since the introduction ofmelphalan and prednisone therapy for 
MMnumerousmulu-drugchemo^ 

ninosourea-basedtreatmenthave been tested ( & e Case, DC e^/., (1977)^ /.^ 
) 63-897-903), but there has still been little improvement in outcome over the past three 

Res 60-1) Thus, the reversal of resistance to chemotherapeutic agents is an important area 
of research. New methods of treatment such as chemotherapy drugs or combinatxons are 
therefore urgently needed for treatment of MM. 
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The present inventors previously discovered that p-lapachone, when combined with 
Taxol® (paclitaxel; Bristol-Myers Squibb Co., N.Y., N.Y.) at moderate doses, has effective 
anti-tumor activity in a human ovarian, prostate and breast cancer xenograft models in nude 
mice. No signs of toxicity to the mice were observed, and no weight loss was recorded 
5 during the subsequent two months following treatment during which the tumors did not 
reappear (See, Li, CJ et al (1999) Proc. Natl Acad. Sci. USA 96:13369-13374). However, 
such conditions are different from MM and the current modes of treatment differ as well. 

p-lapachone (3,4-dihydro-2,2-dimethyl-2H-naphtho [1,2-b] pyran-5,6-dione), a simple 
non-water soluble orthonapthoquinone, was first isolated in 1882 by Paterno from the 
10 heartwood of the lapacho tree (See Hooker, SC, (1936) /. Am. Chem. Soc. 58:1 181-1 190; 
Goncalves de Lima, O, et al 9 (1962) Rev. Inst. Antibiot. Univ. Recife. 4:3-17). The structure 
of p-lapachone was established by Hooker in 1896 and it was first synthesized by Fieser in 
1927 (Hooker, SC, (1936) /. Am. Chem. Soc. 58:1181-1 190). p-lapachone can be obtained by 
simple sulfuric acid treatment of the naturally occurring lapachol, which is readily isolated 
1 5 from Tabebuia avellenedae growing mainly in Brazil, or is easily synthesized from seeds of 
lomatia growing in Australia (Li, CJ, et al. y (1993) J. Biol. Chem. 268:22463-33464). 

P-lapachone has been shown to have a variety of pharmacological effects. Numerous 
derivatives have been synthesized and tested as anti-viral and anti-parasitic agents, and it has 
been shown to have antitrypanosomal effects (See Goncalves, AM et al (1980) Mol 
20 Biochem. Parasitology 1:167-176; Schaffher-Sabba, K. et al (1984)/. Med Chem. 27:990- 
994; Li, CJ etal 9 (1993) iVoc. Natl. Acad. Sci. USA 90:1839-1842). P-lapachone 
significantly prolongs the survival of mice infected with Rauscher leukemia virus, probably 
through inhibition of reverse transcriptase (Schaffher-Sabba, K. etal. (1984) J. Med. Chem. 
27:990-994; Schuerch, AR et al, (1978 Eur. J. Biochem. 84:197-205). The present inventors 
25 have demonstrated that p-lapachone inhibits viral replication and gene expression directed by 
the long terminal repeat (LTR) of the human immunodeficiency virus type I (Li, CJ et al., 
(1993) Proc. Natl. Acad. Sci. USA 90:1839-1842). 

p-lapachone was investigated as a novel and potent DNA repair inhibitor that 
sensitizes cells to ionizing radiation and DNA damaging agents (Boorstein, RJ et al, (1984) 
30 Biochem Biophys. Res. Commun. 1 18:828-834; Boothman,e/ al 9 (1989) Cancer iter. 49:605- 
612). The present inventors have reported that p-lapachone and its derivatives inhibit 
eukaryotic topoisomerase I through a different mechanism than does camptothecin, which 
may be mediated by a direct interaction of p-lapachone with topoisomerase I rather than 

2 
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5 a P op te bu,ov aW ,oo 1 o^dp m c re ,lceance t c.l 1 s tto ou g h M »cdo„ofc^(L 1 ,YZ«, 
a/., (1999) Molecular Medicine 5:232-239). 

Summary of t he Invention 

Mult ip,e checkpoiids arebui.. into *= ° fll « <*» "*™ 

^ «*i«i-*^^- i "-- ,-, ** ,,- fr^,T 

Cells are generally thought to undergo apoptosis when DNA damage is irreparable (Li, CJ el 
(1999) Pro, M Sd USA 96i.3369-.3374). .dentin of therapenrtc agents 
^Wngthecheekpomtcmtmlmayimpmvecancertreatment 

me present inventors have now discovered that p-Upachone is enechv. nrtreoung 

1. u^tn.ofoendennsbyN.p^^heenden^^n^^t.^w* 
eenc^ledeMa.nr.Gland/orSphase.nnlihemos.DNAdaraagragagenKwhtcharaest 

0.1 YZ««I (.999)M.tol«rJ fe & to «5i232.239). tapc^tly.ureapoptonc effect of p- 
^derivedMMc e ,ls ta npaaen B ,asvre,.aslnMMc e .lhnesMM,KDOX40, a »d 
MR.20, whieh are resist to radiation, doxorubicin, and nritoxanhone, respect* 
Apop^sis was no, deleted innonoal peripheral blood monunucleor cells (PBMCs). p- 
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lapachone-induced apoptosis in MM cells was preceded by a rapid release of cytochrome C, 
followed by the activation of caspase and poly(ADP ribose)polymerase (PARP) cleavage. 
The sensitivity to p-lapachone was not affected by expression of Bcl-2, a key mediator of 
drug resistance in myeloma cells (Tu, Y. et a!., (1996) Blood 88:1 805-12; Bloem, A. et aL, 
5 (1999) Pathol Bio (Paris) 47: 216-220). Exogenous interleukin-6 (IL-6), an important anti- 
apoptotic factor for MM cells (16), did not dampen the apoptotic effect of p-lapachone. 
These findings, therefore, show that p-lapachone is also a promising drug for treating human 
multiple myeloma. 

In one embodiment, the present invention relates to a method for treating human 
10 multiple myeloma by administering a Gl and/or S phase drug, which is advantageously p- 
lapachone, or a derivative or analog thereof, in a therapeutically effective amount. 

In another embodiment, a combination of a G2/M phase drug including, but not 
limited to, a taxane, its derivatives and analogs, and a Gl and/or S phase drug, preferably, but 
not limited to P-lapachone, or a derivative or analog thereof, can be administered for the 
1 5 treatment of MM and other hematologic tumors and/or malignancies. 

In addition to treating multiple myeloma, p-lapachone, as well as the combination of 
P-lapachone, or a derivative or analog thereof, combined with a G2/M phase drug, may be 
used to treat other hematologic tumors and/or malignancies, such as childhood leukemia and 
lymphomas, Hodgkin's disease, lymphomas of lymphocytic and cutaneous origin, acute and 
20 chronic leukemia such as acute lymphoblastic, acute myelocytic or chronic myelocytic 
leukemia, plasma cell neoplasm, lymphoid neoplasm and cancers associated with AIDS. 

A list of representative compounds is described in Table 1, infra. The combination of 
the present invention is particularly advantageous in the treatment of patients who have 
multiple myeloma. The method of the present invention comprises administering to the 
25 patient, in combination, an effective amount of a Gl and/or an S phase drug, in combination 
with a G2/M drug. Preferably, the combination is (1) a topoisomerase I inhibitor such as p- 
lapachone or its derivatives or analog thereof (Gl and/or S phase drug) and (2) a taxane, its 
derivatives or analogs thereof (G2/M drug), and pharmaceutical^ acceptable salts thereof. 

As used herein, the phrase "taxane" or "taxane derivative" means any taxane which is 
30 or may be used in cancer chemotherapy due to its antineoplastic properties. Taxol® is a 
preferred taxane derivative. 
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the appended claims. 
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colls were treated with an equal volume of DMSO. 
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Figure 3 illustrates induction of DNA fragmentation by p-lapachone in human MM 
cells. DNA laddering, a typical feature of apoptosis, was induced in (A): ARH-77 treated 
with p-lapachone (0, 2, 4, 8 \M); in (B): DOX-40; (C): mm As; (D): mm.lR treated with p- 
lapachone. After exposure to the drug for 24 hours, genomic DNA was extracted and 
5 subjected to agarose gel electrophoresis. 

Figure 4 illustrates induction of apoptosis by p-lapachone in human MM cells. Human 
ARH-77, mm. IS, and mm.lR cells were treated with B-Iapachone, OpM PMSO), 2|im, or 
4pM, for 24 hours before they were subjected to flow cytometric analysis after staining with 
propidium iodide (PI) for quantitating the sub-Gl fraction (A), or for the analysis of 
10 externalization of phosphatidylserine (B), as measured by Aninexin V staining. DOX-40 (□), 
ARH-77 (o), mm As (■). 

Figure 5 shows that apoptosis induced by p-lapachone is accompanied by 
mitochondrial cytochrome C release and PARP cleavage. In A, ARH-77 cells were treated 
with DMSO (lane 1) or P-lapachone at 4pM for 0,5 hours (lane 2), 2 hours (lane 3), 4 hours 
1 5 (lane 4). Mitochondrial cytochrome C release was determined by Western blot assay as 

described in Materials and Methods. In B, ARH-77 cells were treated with DMSO (lane 1) or 
p-lapachone at 2\M for 2 hours (lane 2), 6 hours (lane 3), 12 hours (lane 4), 24 hours (lane 
5), 48 hours (lane 6). Immunoblot analyses of the lysates was performed with anti-PARP 
antibody. 

20 Detailed Description of the Preferred Embodiments 

This invention provides for treating individuals afflicted with MM and other 
hematologic tumors and/or malignancies. This method comprises administering to an 
individual afflicted with MM an effective amount of a Gl and/or S phase drug, such as p- 
lapachone or a derivative or analog thereof. In another embodiment, the method comprises 
25 administering a combination therapy for treating multiple myeloma and other hematologic 
tumors and/or malignancies using methods which employ the administration of a Gl and/or S 
phase drug with a G2/M phase drug. 

In one embodiment, the invention is directed to a method for treating a subject having 
malignant cells or inhibiting further growth of such malignant cells by administering a drug 
30 or compound that targets such cells at Gl and/or S phase checkpoints in the cell cycle. A 
second drug or compound that acts at the G2/M checkpoints in the cell cycle is then 
administered simultaneously with or following the Gl and/or S phase drug or compound. 
Individual compounds satisfying these criteria are known to those of ordinary skill in the art. 

6 
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ForexamplcP-lapachoneanditsderivativesareGl and S phase drugs. WhereasTaxol® 



and its derivatives are 
Table 1: 



G2/M drugs. A list of representative compounds is set forth below in 
TABLE 1 



Type Category 

1. Gl and/or S phase drug 



Gl phase drugs 



S phase drugs 



Com pound Name 
P-lapachone 

Reduced p-lapachone 
Lovastatin 



Mimosine 
Tamoxifen 

Gemcitabine 

5-FU 

MTX 



G2/M drugs 

(i) Microtubule-targeting Taxol 



(") 
Poisons 



Docetaxel 

Epothilone 

Vincristin 

Vinblastin 

Navelbine 

Tenyposide 



Etoposide 

Adriamycin 

Camptothecin 

Danunorubicin 

Dactinomycin 

Mitoxantrone 
Amsacrine 
Epirubicin 
Idarubicin 



rhp.mical Formula 

3,4-dihydro-2>dimethyl-2H-naphtho[U-b]pyran-5,6- 
dione 

[ls[la(R*), 3a7p,8P 

S* 4s*) 8ap]]- Methylbutanoic acid 1,2,3,7,8,8a- 
hexahydro-3,7-dimethyt-8^ 
0x0-2H-pyran-2-yl)ethyl[-l-naphthalenyl ester 

a-Amino-3.hydroxy-4oxo-l(4H>pyridine propanoic acid 

[Zj.z^U-Diphenyl-l-butenyiy-phenoxytHN- 

dimethylethanamine 

2 , ,2'difluorodeoxycytidine 

5-fluorouracil 

Methotrexate; N-[4[[(2,4-Diamino-6- . 
pteridinyl)methyl]methylamino]bercoyl]-L.glutamicacid 

5.beta,20-epoxy-l,2-alpha,4,7,-beta,10-beta,13-alpha. 
hexahydroxy-tax-1 l-en-9-one 4,10-diacetate 2-benzoate 
13-ester with (2R,3S>N-benzoyi-3-phenyl-isosenne 
N-debenzoyl-N-tert-butoxycarbonyl-lO-deacetyl taxol 
Epithilone Polyketides A, B, C or D (desoxy-epothilone) 
22-Oxovincaleukoblastine 
Vincaleukoblastine 
Vinorelbine 

VM-26; [5R-5a,5aP,8ao,9P(R*)]]- 5 i 8,8a^.tetrahydro-5- 
(4-hydroxy-3,5-dimethoxyphenyl>9-[[4,6-0-(2- 

thienylmethylene> p-D- 

glucopyranosyl]oxy]furo[3',4':a6,7]naphtho[2,3^]-l,3- 
dioxol-6(5aH)-one 

VP-16; 4 , -Demethylepipodophy»otoxin ethylidene-B-D- 
glucoside 

Doxorubicin; 14-Hydroxydaunomycin 

Cerubidin; Leukaemomycin C; Rubidomycin; Rubomycin 

C 

Actactinomycin A IV; Actinomycin CI; Actinomycin- 
[threo-val-pro-sar-meval] 



Idamycin; 4-demethoxy-daunfubicin 
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The combinations of the present invention are particularly advantageous using P- 
lapachone and Taxol®, where synergistic results should be obtained. Molecular changes 
underlying cell cycle delay at multiple checkpoints, for example Gl and/or S phase and 
G2/M phase, can for example result in the synergistic induction of apoptosis in malignant 

5 cells. Although not wishing to be bound by theory, it is believed that the synergistic effect is 
mediated by inhibition of cdc2 kinases and upregulation of p21. p21 controls Gl and S phase 
checkpoints (Elledge, S.J. (1996) Science 274, 1664-1672), and is involved in the regulation 
oftheG2/M checkpoint (HartwellL.K^ 1821-1828). Cell 

cycle checkpoints are also regulated by cdc2 kinases and their inhibitors (Elledge, SJL (1996) 

10 Science 274, 1664-1672 and Nurse, P. (1997) Cell 91, 865-867). 

Preferably, the Gl and/or S phase compounds are administered prior to, or 
simultaneously with, compounds that target a cell at the G2/M phase checkpoint. 

More preferably, the Gl and/or S phase compounds are administered prior to the 
compounds that target a cell at the G2/M checkpoint. 

1 5 Preferred Gl and/or S phase checkpoint targeting compounds include Gl and/or S 

phase drugs (for example, p-lapachone), Gl phase drugs (for example, lovastatin, mimosine, 
tamoxifen, and the like) and S phase drugs (for example, gemcitabine, 5-FU, MTX, and the 
like), p-lapachone, its derivatives and analogs (Formula la) are most preferred. 



OR 




Formula la 



20 Further, Gl and/or S phase checkpoint targeting drugs include derivatives of reduced 

P-lapachone. Preferred G2/M phase checkpoint targeting compounds include microtuble- 
targeting drugs (for example, Taxol®, docetaxel, vincristin, vinblastin, nocodazole, 
epothilones, navelbine, etc.) and topoisomerase poisons (for example, teniposide, etoposide, 
adriamycin, camptothecin, daunorubicin, dactinomycin, mitoxantrine, amsacrine, epirubicin, 

25 idarubicin, etc.). 

8 
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reduced B-lapachone with idarubicin. 
30 epirubici«otlova9atinwithito"bicin. 
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navelbine; mimosine with camptothecin; mimosine with daunorubicin; mimosine with 
dactinomycin; mimosine with mitoxantrone; mimosine with amsacrine; mimosine with 
epirubicin; or mimosine with idarubicin. 

Tamoxifen with Taxol®; tamoxifen with docetaxel; tamoxifen with vincristin; 
5 tamoxifen with vinblastin; tamoxifen with nocodazole; tamoxifen with teniposide; tamoxifen 
with etoposide; tamoxifen with adriamycin; tamoxifen with epothilone; tamoxifen with 
navelbine; tamoxifen with camptothecin; tamoxifen with daunorubicin; tamoxifen with 
dactinomycin; tamoxifen with mitoxantrone; tamoxifen with amsacrine; tamoxifen with 
epirubicin; or tamoxifen with idarubicin. 
10 Gemcitabine with Taxol®; gemcitabine with docetaxel; gemcitabine with vincristin; 

gemcitabine with vinblastin; gemcitabine with nocodazole; gemcitabine with teniposide; 
gemcitabine with etoposide; gemcitabine with adriamycin; gemcitabine with epothilone; 
gemcitabine with navelbine; gemcitabine with camptothecin; gemcitabine with daunorubicin; 
gemcitabine with dactinomycin; gemcitabine with mitoxantrone; gemcitabine with 
15 amsacrine; gemcitabine with epirubicin; or gemcitabine with idarubicin. 

5-FU with Taxol®; 5-FU with docetaxel; 5-FU with vincristin; 5-FU with vinblastin; 
5-FU with nocodazole; 5-FU with teniposide; 5-FU with etoposide; 5-FU with adriamycin; 5- 
FU with epothilone; 5-FU with navelbine; 5-FU with camptothecin; 5-FU with daunorubicin; 
5-FU with dactinomycin; 5-FU with mitoxantrone; 5-FU with amsacrine; 5-FU with 
20 epirubicin; or 5-FU with idarubicin. 

MTX with Taxol®; MTX with docetaxel; MTX with vincristin; MTX with vinblastin; 
MTX with nocodazole; MTX with teniposide; MTX with etoposide; MTX with adriamycin; 
MTX with epothilone; MTX with navelbine; MTX with camptothecin; MTX with 
daunorubicin; MDC with dactinomycin; MDC with mitoxantrone; MTX with amsacrine; 
25 MTX with epirubicin; or MDC with idarubicin. 

The combination of the present invention results in a surprising synergy which is 
beneficial in reducing tumor burden load and/or regressing tumor growth, especially in 
patients with metastatic disease. 

Preferably, the human malignancy treated is multiple myeloma, although the 
30 invention is not limited in this respect, and other metastatic diseases may be treated by the 
combination of the present invention. 

The individual components of the combination of the present invention will be 
addressed in more detail below. 

10 
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As recited, one preie Ttetaxanesareafamilyofterpenes, 
< Wi^wWtohasaoti.ityagainacemintumois.part.cularlyt.re 

15 BrfsrobMye^bCo. ^^ZZZZZ*-****- 

Prodaete O—y m *«»«*—■ P.W. te Q— * . B I ^ 
eacn of „biob is incorporated berain * „ ^ 

25 as^describadinftaf^cto.^^'-. 53d. Ed. (1999), P» 

BandiaftNawJa^ffDRnforpaaltoal. Wslhe ™ deli va»««,is 
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more, preferably from about 2 to aboat 3 «eks. 
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As previously mentioned, the G2/M phase drug, such as the taxane derivative, will be 
administered in a similar regimen with a Gl and/or S phase drug, such as p-lapachone or a 
derivative or analog thereof, although the amounts will preferably be reduced from that 
normally administered. It is preferred, for example, that the taxane derivative be 
5 administered at the same time or after the p-lapachone has administered to the patient. When 
the taxane derivative is administered after the P-lapachone, the taxane derivative is 
advantageously administered about 24 hours after the p-lapachone has been administered. 

The other component of the combination therapy for combination with the G2/M 
phase drug or compound is the Gl and/or S phase drug, which is preferably p-lapachone or a 
10 derivative or analog thereof. 

p-lapachone (3,4-dihydro-2,2-dime%l-2H-naphtho [1,2-b] pyran-5,6-dione) is a 
simple plant product with a chemical structure different from currently used anti-cancer 
drugs. It is obtained by sulfuric acid treatment of the naturally occurring lapachol, which is 
readily isolated from Tabebuia avellanedae growing mainly in Brazil. It can also be easily 
15 synthesized from lomatiol, isolated from seeds of lomatia growing in Australia (Hooker, S., 
et aL, (1936) J. Am. Chem. Soc, 58:1181-1 190; Goncalves de Lima, 0., et aL, (1962) Rev. 
Inst. Antibiot. Univ. Recife., 4:3-17). 

P-lapachone has been shown to have a variety of pharmacological effects. P- 
lapachone is a topoisomerase I inhibitor but acts by a different mechanism than camptothecin 
20 (Li, C.J., et aL, (1993) J. Biol Chem., 268:22463-22468. Numerous p-lapachone derivatives 
have been synthesized and tested as anti-viral and anti-parasitic agent (Goncalves, AJvL, et 
al. 9 (1980) Afo/. Biochem. Parasitology, 1:167-176; Schaffher-Sabba, K., et aL, (1984) J. 
Med. Chem., 27:990-994; Li, C, et al, (1993) Proc. Nail Acad Sd USA, 90: 1842). P- 
lapachone and its derivatives, e.g. 3-allyl-p-lapachone, show antitrypanosomal effects 
25 (Goncalves, A.M., et aL, supra), the mechanism of which is at this time unclear. P-lapachone 
has also been shown to be a DNA repair inhibitor which sensitizes cells to DNA damaging 
agents (Boorstein, R.J., et aL, (1984) Biochem. Biophys. Res. Commun., 1 18:828-834; 
Boothman, D.A., etaL, (1989) Cancer Res., 49:605-612). p-lapachone is well tolerated in 
dogs, rats, mice, and chickens. The maximum tolerated dose, when given p.o. daily for one 
30 month, is 200 mg/kg in rats, and 1 00 mg/kg in dogs. Preferably, a compound such as P- 

lapachone or a derivative or analog thereof is administered to a patient in at least one dose in 
the range of 10 to 500,000 ng per kilogram body weight of recipient per day, more preferably, 
in the range of 1000 to 50,000 ng per kilogram body weight per day, most preferably in the 

12 
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f0,m ' Derivatives and analogs of are known in art end are disc.osed. fo, 

in U.S. Pat No. 5 ,821,700; W097/08 162; and US. Pat No. 5,7.3.625. Paefered 
ieaivanvosand analogs Wudeoompoundsofta following fonnnla. land 11. 
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Formula I 




15 




WO 02/058694 



PCT/US01/49946 



wherein R and R\ are each independently selected from the group consisting of hydrogen, 
' hydroxy, thio (SH), halogen (e.g. fluoro, chloro and bromo), substituted and unsubstituted 
aryl, substituted and unsubstituted alkenyl, substituted and unsubstituted alkyl and substituted 

5 and unsubstituted alkoxy, and salts thereof, wherein the dotted double bond between the ring 
carbons to which R and Ri are bonded represent an optional ring double bond. The alkyl 
groups preferably have from 1 to about 1 5 carbon atoms, more preferably from 1 to about 10 
carbon atoms, still more preferably from 1 to about 6 carbon atoms. As used herein, the term 
alkyl unless otherwise modified refers to both cyclic and noncyclic groups, although of 

1 0 course cyclic groups will comprise at least three carbon ring members. Straight or branched 
chain noncyclic alkyl groups are generally more preferred than cyclic groups. Straight chain 
alkyl groups are generally more preferred than branched. The alkenyl groups preferably have 
from 2 to 15 carbon atoms, more preferably from 2 to about 10 carbon atoms, still more 
preferably from 2 to about 6 carbon atoms. Especially preferred alkenyl groups have 3 

1 5 carbon atoms (i.e., 1 -propenyl or 2-propenyl), with the ally 1 moiety being particularly 

preferred. Phenyl and naphthyl are generally preferred aryl groups. Alkoxy groups include 
those alkoxy groups having one or more oxygen linkage and preferably have from 1 to 15 
carbon atoms, more preferably from 1 to about 6 carbon atoms. The substituted R and Ri 
groups may be substituted at one or more available positions by one or more suitable groups 

20 such as, for example, alkyl groups such as alkyl groups having from I to 1 0 carbon atoms or 
from 1 to 6 carbon atoms, alkenyl groups such as alkenyl groups having from 2 to 10 carbon 
atoms or 2 to 6 carbon atoms, aryl groups having from 6 to 10 carbon atoms, halogen such as 
fluoro, chloro and bromo, and N, O and S, including heteroalkyl, e.g., heteroalkyl having one 
or more of said hetero atom linkages (and thus including alkoxy, aminoalkyl and thioalkyl) 

25 and from 1 to 1 0 carbon atoms or from I to 6 carbon atoms. 

Compounds of formulae I and II can readily be made or obtained (See Pardee, A., et 
al, (1989) Cancer Research 49, 1-8; Schaffiier-Sabba, K., etaL, (1984) Journal of. 
Medicinal Chemistry, 27:8, 990-994; Hooker, SC, (1936) /. Am. Chem. Soc. 58:1 181-1 190). 
Preferred compounds of formula I include 0-Iapachone, 3-alIyl-|3-Iapachone, 3-bromo- 

30 p-lapachone and 3-OH-p-lapachone. More preferred compounds of formula I are 3-allyl-p- 
lapachone and 3-bromo-P-lapachone. 

Preferred compounds of formula II include 3-bromo-alpha-lapachone. 

14 
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compositions and methods of the present invention. 

Formula III 




Mmmmm. a he^ocy* an aliphatic, an a.koxy, a hydroxy, an mm. a M an 

amide, or a halogen side gioup. 

Merred analogs of fo-nnla M include, J^caAonytaethyl^-lapaenone, 3<2 - 

,0 Hydn^W-1^3^^ 

me ,ho*,-p-.ap«hone,3Wox,.^^ 

5 763,625, which is incorporated by reference herein. 
15 p,apachonedenvativesoffor m ulaeIVandV,setfor1hbelo^ 

compositions and methods of the present invention. 

FormulalV 
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O 




5 

wherein R 1 -R 6 are each, independently, selected from the group consisting of H, Ci -Cs alkyl, 
Ci -C 6 alkenyl, Ci -C 6 alkoxy, Ci -C 6 alkoxycarbonyl, -(CH 2 ) n -aryl, (CH 2 

Preferred analogs of formulae IV and V include 3-(jJ-aIanyl>P-lapachone and 3- 
malonyl- p-lapachone. 

10 Analogs of formulae IV and V can be produced by the methods disclosed in U.S. Pat. 

No. 5,824,700, which is incorporated by reference herein. 

As with the use of other chemotherapeutic drugs, the individual patient will be 

monitored in a manner deemed appropriate by the treating physician. Dosages can also be 

reduced if severe neutropenia or severe peripheral neuropathy occurs, or if a grade 2 or higher 
1 5 level of mucositis is observed, using the Common Toxicity Criteria of the National Cancer 

Institute. 

The combination therapy agents described herein may be administered singly and 
sequentially, or in a cocktail or combination containing both agents or one of the agents with 
other therapeutic agents, including but not limited to, immunosuppressive agents, potentiators 
20 and side-effect relieving agents. As aforesaid, the therapeutic combination, if administered 

16 
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• „ ^oreeffectWewhentheHapachonecomponentisadministeredpriorto 

nontoxic carriers or diluents, wmcn The diluent is selected so 

Povidone K12,T W een 80, , Furthermore , the invention is not limited to water- 

w i • oi^ivitv andthelike. Liposome formulations, are also contemplated oy in p 
25 biological activity, and tne use i~ ?3 faich is here in 

invention, and have been described See, , g . U.S. Pat No. 5,424,073, wm 

incorporated by reference. compounds, 

• mo „ 5 umor S ubstitutedammoniumsalts,preferablysec 0 ndaryortertiary 
containing ammonium or suosmuic arylhalo, 

♦ alkvl alkenvl, aryl or their alkyl, alKenyi, aryi, u« , 
ammonium salts; analogs containing alkyl, alKenyi, ary 
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alkoxy, alkenyloxy substituted derivatives, preferably methyl, methoxy, ethoxy, or 
phenylacetate; and natural analogs such as naphthyl acetate. Further, the Gl and/or S phase 
compounds or derivatives or analogs thereof, and the G2/M phase compounds or derivatives 
or analogs thereof, described herein may be conjugated to a water soluble polymers or may 

5 be derivatized with water soluble chelating agents or radionuclides. Examples of water 
soluble polymers are, but not limited to: polyglutamic acid polymer, copolymers with 
polycaprolactone, polyglycolic acid, polyactic acid, polyacrylic acid, poly (2-hydroxy ethyl 1- 
glutamine), carboxymethyl dextran, hyaluronic acid, human serum albumin, polyalginic acid 
or a combination thereof. Examples of water soluble chelating agents are, but not limited to: 

10 DIPA (diethylenetriaminepentaacetic acid), EDTA, DTTP, DOTA or their water soluble 
salts, etc. Examples of radionuclides include, but not limited to: nl In, 90 Y, 166 Ho, 68 Ga, 
"To, and the like. 

Although intravenous administration is preferred as discussed above, the invention is 
not intended to be limited in this respect, and the compounds can be administered by any 
15 . means known in the art. Such modes include oral, rectal, nasal, topical (including buccal and 
sublingual) or parenteral (including subcutaneous, intramuscular, intravenous and 
intradermal) administration. 

For ease of administration and comfort to the patient, oral administration is generally 
preferred. However, oral administration typically requires the administration a higher dose 
20 than intravenous administration. Thus, depending upon the situation - the skilled artisan 
must determine which form of administration is best in a particular case - balancing dose 
needed versus the number of times per month administration is necessary. 

In administering a Gl and/or S phase compound such as p-lapachone, the normal dose 
of such compound individually is utilized as set forth below. However, when combination 
25 therapies are used, it is preferable to use a lower dosage - typically 75% or less of the 
individual amount, more preferably 50% or less, still more preferably 40% or less. 

In therapeutic applications, the dosages of the agents used in accordance with the 
invention vary depending on the agent, the age, weight, and clinical condition of the recipient 
patient, and the experience and judgment of the clinician or practitioner administering the 
30 therapy, among other factors affecting the selected dosage. Generally, the dose should be 
sufficient to result in slowing, and preferably regressing, the growth of the tumors and also 
preferably causing complete regression of the cancer. An effective amount of a 
pharmaceutical agent is that which provides an objectively identifiable improvement as noted 

18 
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5 ------ •~ M rr- 

ofP . la pacho„eo,a« k nv^o, m .og*« e ofa l «hedo Se sprov,d oi above. P-eta 
Htcontainstostnrfonsd.scribb.gtheir^incombinat.o.. 

reference. 

EXAMPLES 

a^^^-^-»^•- c -*■ ,,4ta * ,-W1, 

20 (DMSO), aliquoted, and «xed at -20° C for cell cutae use. 

M04ra CeUU.es^intoen.oywe.pn.videdbyd.eDepe.tmen.ofAdu* 
Cell Cultures, uen. at^H-77 MM IS and HS sultan 

resisB1 „o radiation, doxoraMein, and rai.oxan.rane, redely. Cells we ran 

25 ^»oa fch ««-*-«----'' MM,,,40 "* -ff * 

Teeh n .logie S Inc.) > s«pple ffi e^™«.10%FCS > 2 m Mt-g.»«m,ne. 

30 o" % ,.Coo M ,p^^^-^ tf ~~lri 

j,^ rehires were observed daily for 1 0 to aay:>, o» 
and fiesh medium was added. Cultures were v 
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fixed and stained with modified Wrighf-Giemsa stain (Sigma). Colonies of greater than 30 
cells were scored as survivors. 

Cell Proliferation Assay. Cell Proliferation was determined by 3 H-thymidine uptake 
assays and the 3[4,5- dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (Thiazolyl blue, 
5 MTT) assay (Sigma Co.). The conversion of the soluble yellow dye to the insoluble purple 
formazan by the mitochondrial dehydrogenase of viable cells was used for measurement of 
cell proliferation (Mosmann, T., (1983) Immunol. Methods 65:55-63). Briefly, cells were 
plated in a 96 well plate at 20,000 cells/well, cultured for 48 h in complete growth medium, , 
then treated with pMapachone for 24 h. MTT solution (5mg/mi) was added in 1/1 0th of 
10 culture volume to the culture medium, and after 3 to 4 hr the converted dye was solubiiized 
with acidic isopropanol and optical density was read with an ELISA reader at a wavelength 
of 570nm with a background subtraction at 630-690nm (17). For the ^-thymidine uptake 
assay, after drug treatment cells were pulsed with 3 H-TdR (Dupont, Wilmington, DE; 0.5 
uCi/well) during the last 6 hours of 1-day cultures, harvested onto glass filters by use of a 
15 HARVESTAR 96 MACH II (Tomtec, Orange, CT) cell harvester, and counted on a 1205 
Betaplate (Gaithersburg, MD) scintillation counter (See Treon, SP et al, (1998) Blood 
92:1749-57). 

Apoptosis Assay. Apoptosis was determined by three independent assays. One 
determined the sub-Gl fraction by propidium iodide staining of nuclei as described 
20 previously (13, 19, 20, 22). The second measured the membrane changes determined by the 
extemalization of phosphatidylserine (13, 21). Briefly, cells were treated with pMapachone 
for 24h, harvested, washed in PBS, resuspended in binding buffer, incubated with annexin V- 
FiTC, and analyzed by flow cytometry. The third assay, by DNA laddering, was carried out 
as described (19,20,22). 

25 Western blot analysis. Whole cell lysate and S-100 fraction were prepared from 

exponential growing cells. The ECL assay system was used to detect Bcl-2 levels and the 
cytochrome C released from mitochondria (S-100 fraction) and also PARP immunoblot 
analyses. Briefly, cell lysate protein samples were electrophoresed on a sodium dodecyl 
sulfate-polyacrylamide gel and then electrophoretically transferred to a nitrocellulose 

30 membrane. The blot was blocked, washed, and incubated with the Bcl-2 antibody (Oncogene 
Science) or using anti-PARP monoclonal antibody (Pharmingen, San Diego, CA) at 1:1000 

20 
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positive cells correlated with the sub-Gl fractions. All these results show that p-lapachone 
induced apoptotic death of these cells. 

Apoptosis induced by fi-lapaclwne is independent of expression ofBcl-2 and is 
preceded by cytochrome C release, and is followed by PARP cleavage. Expression of Bcl-2 
has been implicated in the resistance of cancer cells including MM to chemotherapeutic drugs 
(14, 15;. To determine if apoptosis in MM cells is due to lack or altered Bcl-2 expression, we 
measured Bcl-2 by Western blot assay. Bcl-2 was expressed in ARH.77 and mrnLR cells and 
was not changed by p-lapachone (data not shown), which does not correlate with their 
sensitivity to p-lapachone-induced apoptosis. Release of cytochrome C from mitochondria 
into cytosol has been implicated as an important step in apoptosis. To determine if P- 
lapachone triggers cytochrome C release, cells were analyzed for cytoplasmic cytochrome C 
at 2 h after drug treatment. As shown in Fig. 5 A, cytochrome C was released into cytoplasm 
shortly after p-lapachone treatment when cells were folly viable by trypan blue exclusion and 
MTT assay, suggesting that cytochrome C release is an early event in P-lapachone induced 
apoptosis in MM cells. Next, we examined whether p-lapachone induces PARP cleavage, a 
hallmark of apoptosis that indicates activation of caspase. As expected, two fragments 
corresponding to the remaining intact PARP protein (1 16KDa) and the typical apoptotic 
85KDa fragment were visualized. (Fig. 5B). 

Although the foregoing invention has been described in some detail by way of 
illustration and example for the purposes of clarity of understanding, one skilled in the art 
will easily ascertain that certain changes and modifications may be practiced without 
departing from the spirit and scope of the appended claims. 

All references described herein are incorporated by reference. 
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What is claimed is: 

, Ame fl ,odof^al^o 1 og io »n 1 »»m.li g nan C ,i»a^«« 
and/orSphasedn.g.oradni.ativeoranaloglhereof. 

, Ttonrefcodofclata ..iu^comprisingatoW^gad.-P^y 
effecoveamonntofaGMt. phase dreg. or. d«rva^ or »»los thereof- 



, 0 3 . Tta ,^ofcUd»l,*»«*«l»01 im d/orSpl»sad»g i aB«.- 

lapachone, or a derivative or analog thereof. 



4 ThemerhodofetoiwI^retofteG^dregisse^ftomftegreup 
^Mng of micrornhute targeting drop and topoisornerese poison drugs. 



15 



5 The method of claim 4, .herein the microtubule targeting drug is selected 
epothilones and navelbine. 



6 Tten re a odofc 1 ain,4 > w to in*e,opoisonreres=poi K ndreg fe se.e^ 



dactinomycin. 



mitoxantrone, amsacrine, epirubicin and idarubicin. 



7 Themethod of claim 1, wherein the hematologic tumor or malignancy is 
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lymphomas, Hodgkin's disease, lymphomas of lymphocytic and cutaneous origin, acute 
lymphoblastic leukemia, acute myelocytic leukemia, chronic myelocytic leukemia, plasma 
cell neoplasm, lymphoid neoplasm and cancers associated with AIDS. 

5 8. The method of claim 7, wherein the hematologic tumor or malignancy is 

multiple myeloma. 

9. The method of claim 2, wherein the G2/M phase drug is a taxane derivative. 
10 10. The method of claim 9, wherein the taxane derivative is paclitaxel. 

1 1 . The method of claim 2, wherein the Gl and/or S phase drug or a derivative or 
analog thereof, and the G2/M phase drug or a derivative or analog thereof are administered 
intravenously. 

15 

12. The method of claim 2, wherein the G2/M phase drug is administered 
simultaneously with or following administration of the Gl and/or S phase drug. 

13. The method of claim 2, wherein the G2/M phase drug is administered 
20 following administration of the Gl and/or S phase drug. 

14. The method of claim 2, wherein the G2/M drug is administered within 24 
hours after the Gl and/or S phase drug is administered. 
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17 Tfce method of claim 2, wherein the G2/M phase drug is administered 
intravenously atadosage from approximately 135 mg/m> to about 300 mg/m . 

18 . Tfcemethodofcfeiml^^ 
intravenously at a dosage of approximately 175 mg/m 2 . 



19 m method of claims 1 or 2, wherein the Gl and/or S phase drug,.r a 
farther comprises a pharmaceutically acceptable earner. 



20 mmefaodofclaiml9,wherefa^^ 
Cdodexrt, or analogs *«ot - ^»a-cyclo«««i» « anatogs *•* 



25 



. method of claim 1, wherein the subject is human. 



21. Thei 
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22. A kit for the treatment of a hematologic tumor or malignancy in a subject 
comprising separate vials containing fJ-lapachone or a derivative, or analog thereof and a 
taxane derivative, with instructions for administering P-Iapachone first. 



23, The kit of claim 22, wherein the taxane derivative is paclitaxel. 



24. The kit of claim 22, wherein the hematologic tumor or malignancy is multiple 
myeloma. \ 



25. A method of treating a hematologic tumor or malignancy in a subject, the 
method comprising: 

a) administering to the subject a therapeutically effective amount of a Gl and/or S 
phase drug, or a derivative or analog thereof and a pharmaceutical^ acceptable carrier; 
15 b) administering to the subject a therapeutically effective amount of a G2/M phase 

drug, or a derivative or analog thereof, the G2/M phase drug being administered 
simultaneously with, or following the Gl and/or S phase drug. 



26. The method of claim 25, wherein the Gl and/or S phase drug is Beta- 
20 lapachone, or a derivative or analog thereof. 



27. The method of claim 25 wherein the G2/M drug is selected from the group 
consisting of microtubule targeting drugs and topoisomerase poison drugs. 
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28 The method of claim 27, wherein the microtubule targeting drug is selected 
from the group consisting of paclitaxel, docetaxel, vincristin, vinblastin, nocodazole, 
epothilones and navelbine. 



5 29 The method of claim 27, wherein the topoisomerase poison drug is selected 

from the group consisting of teniposide, etoposide, adriamycin, camptothecin, daunorubicm, 
dactinomycin, mitoxantrone, amsacrine, epirubicin and idarubicin. 



30 The method of claim 25, wherein the hematologic tumor or malignancy is 
selected from the group consisting of multiple myeloma, childhood leukemia and 
lymphomas, Hodgkin's disease, lymphomas of lymphocytic and cutaneous origm, acute 
^phoblastic leukemia, acute myelocytic leukemia, chronic myelocytic leukemia, plasma 
cell neoplasm, lymphoid neoplasm and cancers associated with AIDS. 



10 



15 31 . The method of claim 30, wherein the hematologic tumor or malignancy is 

multiple myeloma. 



32, 



20 33. 



The method of claim 25, wherein the G2/M phase drug is a taxane derivative. 



The method of claim 32, wherein the taxane derivative is paclitaxel. 



34 The method of claim 25, wherein the Gl and/or S phase drug, or a derivative 
,alog thereof, and the G2/M phase drug or a derivative or analog thereof are administered 



or an; 
intravenously. 
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35. The method of claim 25, wherein the G2/M phase drug is administered 
simultaneously with or following administration of the Gl and/or S phase drug. 



36. The method of claim 25, wherein the G2/M phase drug is administered 
5 following administration of the Gl and/or S phase drug. 

37. The method of claim 25, wherein the G2/M drug is administered within 24 
hours after the Gl and/or S phase drug is administered. 

10 38. The method of claim 25, wherein the therapeutically effective amount of the 

Gl and/or S phase drug, or a derivative or analog thereof, is contained in a first vial, and the 
G2/M phase drug, or a derivative or analog thereof, is contained in a second vial, the contents 
of the first and second vials being administered to the patient simultaneously or sequentially. 

1 5 39. The method of claim 38, wherein the Gl and/or S phase drug in the first vial is 

Beta-lapachone or a derivative or analog thereof, and the G2/M phase drug in the second vial 
is paclitaxel. 

40. The method of claim 25, wherein the G2/M phase drug is administered 
20 intravenously at a dosage from approximately 135 mg/m 2 to about 300 mg/m 2 . 

41. The method of claim 40, wherein the G2/M phase drug is administered 
intravenously at a dosage of approximately 175 mg/m 2 . 
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42 Thememodofclaim25,whereintheGl and/or S phase drug, or a derivative 
or analog thereof, and the G2/M phase drug, or a derivative or analog thereof, further 



10 



15 



comprises a pharmaceutically acceptable carrier. 



43 The method of claim 42, wherein the pharmaceutically acceptable carrier is a 

Povidone K17,PovidoneK12,Twee„ 80, ^Cn-jv^f*^*** 
(PEG) 400, propylene glycol, Trappsol, alpha-cyclodextrin or analogs thereof, beta- 
cyclodextrin or analogs thereof, and gamma-cyclodextrin or analogs thereof. 



44. The method of claim 25, wherein the subject is human. 



45 A method of treating a hematologic tumor or malignancy in a subject 
comprising administeringapharmaceutical composition comprising a combination of a 
therapeuticallyeffectiveamountofaGl and/or S phase drug, or a derivatve or analog 
thereof, and a G2/M phase drug or a derivative or analog thereof. 



20 



46. The method of claim 45, wherein the Gl and/or S phase drug is Beta- 
lapachone, or a derivative or analog thereof. 



47 The method of claim 45, wherein the G2/M drug is selected from the group 
consisting of microtubule targeting drugs and topoisomerase poison drugs. 



48 The method of claim 45, wherein the microtubule targeting drug is selected 
25 from the group consisting of paclitaxel, docetaxel, vincristm, vinblaain, nocodazole, 
epothilones and navelbine. 
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49. The method of claim 45, wherein the topoisomerase poison drug is selected 
from the group consisting of teniposide, etoposide, adriamycin, camptothecin, daunorubicin, 
dactinomycin, mitoxantrone, amsacrine, epirubicin and idarubicin. 

5 

50. The method of claim 45, wherein the hematologic tumor or malignancy is 
selected from the group consisting of multiple myeloma, childhood leukemia and 
lymphomas, Hodgkin's disease, lymphomas of lymphocytic and cutaneous origin, acute 
lymphoblastic leukemia, acute myelocytic leukemia, chronic myelocytic leukemia, plasma 

10 cell neoplasm, lymphoid neoplasm and cancers associated with AIDS. 

51. The method of claim 50, wherein the hematologic tumor or malignancy is 
multiple myeloma. 



1 5 52* The method of claim 45, wherein the G2/M phase drug is a taxane derivative. 

53 . The method of claim 52, wherein the taxane derivative is paclitaxel. 

54. The method of claim 52, wherein the taxane derivative is administered 
20 intravenously. 

55. The method of claim 45, wherein the G2/M phase drug is administered 
simultaneously with or following administration of the Gl and/or S phase drug. 
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56. The method of claim 45, wherein the G2/M phase drug is administered 
following administration of the Gl and/or S phase drug. 



57. Thememodofclaim45 > wheremmeG2Mdmgisadmini S teredv«thin24 
5 hours after the Gl and/or S phase drug is administered. 



58 Thememrfofclam^where^ 
^Landlndvialsbemgadm^^ 



10 



5 9 Theme m odofclaim58 s wheremmeGland/orS P hasedruginme fi rs,vialis 

. . . ^ *„^tK<»r,?/Mnhase drug in the second vial 

Beta-lapachone or a derivative or i 



is 



15 

60 Theme m odofclaim45,wheremmeG2M P hasedmgisadministered 
intravenously at a dosage from approximately 135 mg/m 2 to about 300 mg/m . 



61. The method of claim 45, wherein the G2/M phase drug is administered 
20 intravenously at a dosage of approximately 175 mg/m 2 . 

62 Themethodofclaim45,whereintheGl and/or S phase drug, or a derivative 
or analog thereof, aid the G2/M phase drug, or a derivative or analog thereof, further 



comprises a pharmaceutically acceptable earner. 

25 
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63. The method of claim 62, wherein the pharmaceutical^ acceptable carrier is a 
water solubilizing carrier molecule selected from the group consisting of Poloxamer, 
Povidone K17, Povidone K12, Tween 80, ethanol, Cremophor/ethanol, polyethylene glycol 
(PEG) 400, propylene glycol, Trappsol, alpha-cyclodextrin or analogs thereof, beta- 

5 cyclodextrin or analogs thereof, and gamma-cyclodextrin or analogs thereof 

64. The method of claim 45, wherein the subject is human. 

65. A pharmaceutical composition for treating a hematologic tumor or malignancy 
10 comprising a combination of a therapeutically effective amount of a Gl and/or S phase drug 

or a derivative or analog thereof, and a G2/M phase drug or a derivative or analog thereof. 

66. The pharmaceutical composition of claim 65, wherein the G l and/or S phase 
drug is Beta-lapachone, or a derivative or analog thereof. 

15 

67. The pharmaceutical composition of claim 65, wherein the G2/M drug is 
selected from the group consisting of microtubule targeting drugs and topoisomerase poison 
drugs. 

20 68. The pharmaceutical composition of claim 67, wherein the microtubule 

targeting drug is selected from the group consisting of paclitaxel, docetaxel, vincristin, 
vinblastin, nocodazole, epothilones and navelbine. 

69. The pharmaceutical composition of claim 67, wherein the topoisomerase 
25 poison drug is selected from the group consisting of teniposide, etoposide, adriamycin, 



32 



PCT/US01/49946 

WO 02/058694 

camptothecin, daunorubicin, dactinomycin, mitoxantrone, amsacrine, epirubicin and 
idarubicin. 



70. The pharmaceutical composition of claim 65, wherein the G2/M phase drug is 
5 a taxane derivative. 

71. The pharmaceutical compos^^ 



10 72. The pharmaceutical compos^^ 

administered intravenously. 



73 The phannaceofical composite, of cWm 65, wtoto fe G2/M phase dn, g . 
- ^**^--•**I•-*--'«• 0I -*' , • l "** 

15 

74 The pharmaceutical composition of claim 65, wherein the G2/M drug is 
administered within 24 hours after the Gl and/or S phase drug is administered. 



20 



75. The pharmaceutical composition of claim 65, wherein the G2/M phase drug . 
administered following administration of the Gl and/or S phase drug. 



76 The P harmaceuticalcomposWonofclaim65,wherem m ehematolo g ictumor 
or malignancy is selected fromthe group consisting of muitiple myeloma, childhood 
.eukentiaandlymphom^ 
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origin, acute lymphoblastic leukemia, acute myelocytic leukemia, chronic myelocytic 
leukemia, plasma cell neoplasm, lymphoid neoplasm and cancers associated with AIDS. 

77. The pharmaceutical composition of claim 76, wherein the hematologic tumor 
5 or malignancy is multiple myeloma. 

78. The pharmaceutical composition of claim 65, wherein the subject is human. 

79. The pharmaceutical composition of claim 65, wherein the therapeutically 
10 effective amount of the Gl and/or S phase drug, or a derivative or analog thereof, is 

contained in a first vial, and the G2/M phase drug, or a derivative or analog thereof, is 
contained in a second vial, the contents of the first and second vials being administered to the 
patient simultaneously or sequentially. 

1 5 80. The pharmaceutical composition of claim 79, wherein the Gl and/or S phase 

drug in the first vial is Beta-Iapachone, or a derivative or analog thereof, and the G2/M phase 
drug in the second vial is paclitaxel. 

8 1 . The pharmaceutical composition of claim 65, wherein the G2/M phase drug is 
20 administered intravenously at a dosage from approximately 1 35 mg/m 2 to about 300 mg/m 2 . 

82. The pharmaceutical composition of claim 81, wherein the G2/M phase drug is 
administered intravenously at a dosage of approximately 175 mg/m 2 . 
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83 The pharmaceutical composition of claim 65, wherein the Gl and/or S phase 
thereof, further comprises a pharmaceutically acceptable carrier. 



84 Tnepharmaceuticalcompositionofclaim83, W hereinthepharmace«tically 

of Poloxamer, Povidone K17, Povidone K12, Tween 80, ethanol, Cremophor/ethanol, 
polyethylene glycol (PEG) 400, propylene glycol, Trappsol, alpha^yclodextrin or analog 
Lotbeta-cyclodextrin or analogs thereof, and g amma-cyclode«rin or analogs thereof. 



10 



a hematologic tumor or malignancy 
85 A pharmaceutical composiuun ±ui & * ik»u & 

comprisingacombination of a therapeutically effective amount ofaBeta-lapacho„e,ora 
derivative or analog thereof, and a taxane derivative. 



15 86. 



The pharmaceutical of claim 85, wherein the taxane derivative is paclitaxel. 



87 The pharmaceutical composition of claim 85, wherein the taxane derivative is 
administered intravenously at dosages from approximately 135 mg/m> to about 300 mg/m . 



25 



j 87 wherein the taxane derivative is 
2 0 88. The pharmaceutical coroposiuim v«.«.j o /, «"» 

administered intravenously at a dosage of approximately 175 mg/m 2 . 



89 The pharmaceutical composition of claim 85, wherein the therapeutically 
effectrveamountof^^ 

vial, and the taxane derivative, is contained in a second vial, the contents of the fust and 
second vials being administered to the patient simultaneously or sequentially. 
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90. The pharmaceutical composition of claim 85, wherein the Beta-lapachone, or a 
derivative or analog thereof, and the taxane derivative, further comprises a pharmaceutical^ 
acceptable carrier. 

5 

91 . The pharmaceutical composition of claim 90, wherein the pharmaceutically 
acceptable carrier is a water solubilizing carrier molecule selected from the group consisting 
of Poloxamer, Povidone K17, Povidone K12, Tween 80, ethanol, Cremophor/ethanol, 
polyethylene glycol (PEG) 400, propylene glycol, Trappsol, alpha-cyclodextrin or analogs 

10 thereof, beta-cyclodextrin or analogs thereof, and gamma-cyclodextrin or analogs thereof. 

92. The pharmaceutical composition of claim 85, wherein the hematologic tumor 
or malignancy is selected from the group consisting of multiple myeloma, childhood 
leukemia and lymphomas, Hodgkin's disease, lymphomas of lymphocytic and cutaneous 

15 origin, acute lymphoblastic leukemia, acute myelocytic leukemia, chronic myelocytic 
leukemia, plasma cell neoplasm, lymphoid neoplasm and cancers associated with AIDS. 

93. The pharmaceutical composition of claim 92, wherein the hematologic tumor 
or malignancy is multiple myeloma. 

20 

94. A method of treating multiple myeloma in a subject, the method comprising: 

a) administering to the subject a therapeutically effective amount of a Gl and/or S 
phase drug, or a derivative or analog thereof and a pharmaceutically acceptable carrier; 

b) administering to the subject a therapeutically effective amount of a G2/M phase 
25 drug, or a derivative or analog thereof, the G2/M phase drug being administered 

simultaneously with, or following the Gl and/or S phase drug. 
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95. Themethodofclaim94,whereintheGl and/or S phase drug is Beta- 
lapachone, or a derivative or analog thereof. 



96 The method of claim 94, wherein the G2/M drug is selected from the group 
5 consisting of microtubule targeting drugs and topoisomerase poison drugs. 

97 The method of claim 96, wherein the microtubule targeting drug is selected 

• ^oofnadhaxel docetaxel,vincristin,vinblastin, nocodazole, 
from the group consisting ot paclitaxei, aowvw, 

epothilones and navelbine. 

10 

98 The method of claim 96, wherein the topoisomerase poison drug is selected 
fromthe group consisting of tenipo^ide, etoposide, adriamycm, cam^^ 
dactinomycin, mitoxantrone, amsacrine, epirubicin and idarubicin. 

15 99. Themethodofclato94,wh^ 

100. The method of claim 99, wherein Ihe taxane derivative is paclitaxei. 



10 1 The method of claim 94, wherein theGl and/or S phase drug or a derivative or 

2 o 



intravenously. 



, 02 The method of claim 94, wherein the G2/M phase drug is administered 
simultaneously with or following administration of the Gl and/or S phase drug. 
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1 03. The method of claim 94, wherein the G2/M phase drug is administered 
following administration of the Gl and/or S phase drug. 

5 1 04. The method of claim 94, wherein the G2/M drug is administered within 24 

hours after the Gl and/or S phase drug is administered. 

1 05. The method of claim 94, wherein the therapeutically effective amount of the 
Gl and/or S phase drug, or a derivative or analog thereof, is contained in a first vial, and the 

10 G2/M phase drug, or a derivative or analog thereof, is contained in a second vial, the contents 
of the first and second vials being administered to the patient simultaneously or sequentially. 

106. The method of claim 105, wherein the Gl and/or S phase drug in the first vial 
is Beta-lapachone or a derivative or analog thereof, and the G2/M phase drug in the second 

15 vial is paclitaxel. 

1 07. The method of claim 94, wherein the G2/M phase drug is administered 
intravenously at a dosage from approximately 135 mg/m 2 to about 300 mg/m 2 . 

20 108. The method of claim 107, wherein the G2/M phase drug is administered 

intravenously at a dosage of approximately 175 mg/m 2 . 

109. The method of claim 94, wherein the Gl and/or S phase drug, or a derivative 
or analog thereof, and the G2/M phase drug, or a derivative or analog thereof, further 
25 comprises a pharmaceutical^ acceptable carrier. 
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HO The method of claim 109, wherein the pharmaceutical* acceptable carrier is a 
watefsolubiliz^ , , 

(PEG) 400, propylene glycol, Trappsol, alpha-cyclodextrin or analogs thereof, beta- 
cyclodextrin or analogs thereof, and gamma.yclodextrin or analogs thereof. 



111. Tbe method of claim 94, wherein the subject is human. 
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